Multiple starters consisting of two Bacillus amyloliquefaciens strains (MJ1-4 and EMD17), Pichiafarinosa SY80, and Rhizopus oryzae were used for Doenjang making. Bacillus strains were selected based on their abilities to inhibit toxinogenic fungi and Bacillus cereus, fibrinolytic activity, and their ability to confer good flavor to Cheonggukjang. P. farinosa SY80 and R. oryzae, previously isolated from soy sauce, were selected because they were not inhibited by two bacilli. Doenjang was prepared by inoculation of multiple starters (A1 Doenjang). Control Doenjang was prepared by inoculation of B. subtilis KACC 16750 (Natto strain) and Aspergillus oryzae KCCM 60166 (A2 Doenjang). Another control (A3 Doenjang) was prepared by inoculation of microorganisms present in rice straw. Doenjang samples were fermented for 70 days at 20℃. pH of 3 samples decreased from the initial value of 6.4 to 5.8~6.0 and titratable acidity (TA) increased from 0.6 to 1.1~1.3. The amount of amino-type nitrogen increased during fermentation. There were slight differences in moisture, crude-protein, and crude-fat contents after 70 days. Contamination of fungi was observed only in A3 Doenjang and B. cereus was not detected from all 3 samples. A1 Doenjang showed the highest fibrinolytic activity and A2 Doenjang the second. These results indicate that Doenjang made with carefully selected starters was functionally improved and microbially more safe.
I. Introduction
Soybean is a major protein sources for the Asian people. In particular, fermented soybean foods such as Cheonggukjang, Doenjang (soybean paste), and Ganjang (soy sauce) have served as side dishes, providing proteins for Korean (Choi et al., 2002) . In general, Doenjang, and Ganjang are made by soaking Meju, fermented soybeans with a brick shape and serving as a source for proteases and amylases, in brine. Traditionally Meju is produced from soybean. Soybean soaked in water overnight is boiled and cooled, and the soybeans are molded into a brick shape. Then obtained Meju is overhang in the air for 3-4 months (Chang & Chang 2007) .
During this period, various microorganisms proliferate on the surface and inside of Meju.
Among the various microorganisms, fungi such as
Aspergillus oryzae and bacilli such as B. subtilis are the most important ones and contribute to the degradation of soy proteins and carbohydrates, generating flavor and taste (Ko et al., 2010) . (Gálvez et al., 2008) . One of the methods to reduce the contamination is the use of starters for Meju preparation. Starters producing antifungal and/or antibacterial substances are useful.
Doenjang is prepared by adding brine to
Especially bacteriocins from lactic acid bacteria (LAB) are promising as possible food preservatives because most LAB are considered as safe organisms (GRAS class) (Gálvez et al., 2007 
II. Materials and Methods

Preparation of Doenjang
Soybean (crop year, 2012) was purchased from 
Analyses of Doenjang during fermentation
Moisture contents of Doenjang samples were measured by using a moisture analyzer (MX-50, AND, Tokyo, Japan). Ten gram of Doenjang sample was mixed with 10 ml of distilled water and the pH of Doenjang sample was measured by using a pH meter (DMS, Seoul, Korea). Titratable acidity (TA), crude-protein, and crude-fat contents of Doenjang samples were determined by the methods of AOAC (2000). Doenjang sample (10 g) was mixed with 40 ml of distilled water and then TA was determined using 0.1 N NaOH solution and the result was expressed as % lactic acid.
Amino-type nitrogen contents of Doenjang samples
Amino-type nitrogen contents were measured using the modified method of formol titration method (Ko et al., 2010) . Doenjang samples were first freeze-dried by using a freeze-dryer (FDU-1200, Eyela, Tokyo, Japan). Five gram of freeze dried sample was mixed with distilled water (95 ml) and centrifuged at 11,000 x g for 30 min. Supernatant was adjusted to pH 8.4 by adding 0.1 N NaOH.
Subsequently, distilled water (10 ml) and neutral formalin (10 ml) was added to the solution. The solution was titrated with 0.1 N NaOH to reach pH 8.4. The amount of amino-type nitrogen was calculated using the following equation:
Where the constant, 1.4, is the amount (mg) of amino-type nitrogen equal to 1 ml of 0.1 N NaOH, F is the factor of 0.1N NaOH, D is the dilution factor, and S is the sample amount (g).
Reducing sugar contents of Doenjang samples
The amount of reducing sugar was determined according to the method of Miller (Miller 1959) . One gram of freeze dried Doenjang sample was mixed with distilled water (200 ml) and centrifuged at 11,000
x g for 30 min. Supernatant was filtered through a Whatman No.2 filter paper (Waters, Milford, MA, USA). Two milliliter of filtrate was mixed with 2 ml of dinitrosalicylic acid (DNS) reagent, boiled for 5 min, and the OD575 was measured. A standard nine-point scale was used for evaluation of acceptance of samples (1, strongly dislike; 9, strongly like).
Fibrinolytic activities of Doenjang samples
Statistical analyses
Results are presented as mean value ± standard deviation (SD). Statistical comparisons were made by analysis of variance (ANOVA) (version 9.2; SAS Institute, Inc., Cary, NC, USA) procedure followed by Duncan's multiple range tests. A p < 0.05 was considered significantly different.
III. Results and Discussion
Changes in pH and TA of Doenjang during fermentation
During the 70 days of fermentation, pH of Doenjang samples decreased and TA increased (Fig.   2 ). The initial pH of 6.4 decreased to 6.0, 5.9, and 5.8, for Doenjang A1, A2, and A3, respectively, at 70 days. TA of Doenjang A1, A2, and A3
increased from the initial value of 0.6 to 1.1, 1.1, and 1.3, respectively at 70 days. During Doenjang fermentation, pH decreases because microorganisms produce acids, including lactic acid and acetic acid (Kim & Rhyu 2000) . Probably, some acid producing microorganisms present in rice straw may proliferate in Doenjang A3 and caused the increase in TA (pH decrease). Table 2 . Changes in fibrinolytic activity of Doenjang during fermentation.
Changes in chemical components of Doenjang during fermentation
A2 showed the highest value (7.58%) at 70 days.
The increase in the reducing sugars is closely related to amylase activities during fermentation.
Reducing sugars released from carbohydrates in soybeans are used as nutrients for microorganisms, substrates for the production of alcohol and organic acids. Thus reducing sugars decreased in the late stage of fermentation (Kim et al., 1999) .
Fibrinolytic activity and antimicrobial activity of
Doenjang
Doenjang A1 showed the highest FA during the 70 days of fermentation period ( 
Sensory evaluation of Doenjang
Sensory attributes of three types of Doenjang were evaluated (Table 3) Use of selected starters can be an efficient method to achieve the goal. In this work, we showed the possibility to improve the functionality and safety of Doenjang by inoculating 2 Bacillus, 1 yeast, and 1 fungus strains isolated from fermented soyfoods.
Future studies shoud be carried out in the ares, development of more convenient way to inoculation, evaluation of qualities of Doenjang through long-term storage, and sensory evaluations. 
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